This study aims to describe the prevalence of spinal pain among Danish children, explore the differential nature of spinal pain, and investigate socio-demographic factors predisposing spinal pain. A descriptive study of 46,726 11-14-year-olds participating in the Danish National Birth Cohort was conducted. Self-reported spinal pain (neck, middle back, and low back pain) was registered and classified according to severity. Socioeconomic data on children and their parents were identified in Statistics Denmark registers. Associations between socio-demographic factors and aspects of spinal pain were estimated using multinomial logistic regression models. To account for sample selection, inverse probability weighting (IPW) was applied. Almost 10% boys and 14% girls reported severe spinal pain, whereas around 30% of all children reported moderate pain. Effect estimates indicated the risk to increase with increasing age. Further, children without biological full siblings, not living with both of their parents, or children living in less-educated or lower-income families were more likely to experience spinal pain. The study conclusions were essentially unaffected by IPW.
Introduction
Spinal pain (i.e., neck and back pain) constitutes a public health concern worldwide [29] . Historically, spinal pain was primarily studied in the working age population, but it has become increasingly acknowledged that vulnerability to spinal pain develops and becomes apparent already in childhood [1, 9, 27] . Spinal pain has been framed Bas a long-term or recurrent condition rather than a series of unrelated episodes [ 9] , and epidemiological studies have characterized a prior history of spinal pain as an important predictor of spinal pain later in life [16, 24, 49] . In addition, spinal pain in children may cause marked discomfort and impairment in children's everyday life and cause long-term problems. Research suggests that children and adolescents reporting spinal pain experience increased healthcare utilization, absenteeism or impairment in school, and restrictions in physical activity [27, 30, 42] . Likewise, children with spinal pain commonly experience the co-existence of other health complaints, physically and mentally [9, 13, 45, 48] . Therefore, studying spinal pain etiology in its earliest onset may be of value, and likewise targeting primary prevention towards the young population rather than the working age population could be beneficial.
A growing body of evidence indicates spinal pain onset to be around age 10-12, to increase in prevalence with age, and to approach adult levels around age 18 [6, 9, 24, 31, 33] . However, spinal pain prevalence in the young population varies considerably across studies with lifetime prevalence estimates ranging between 4 and 74% [24, 27] . This wide discrepancy can be explained by methodological limitations and heterogeneity as well as the complexity of measuring pain [11, 24, 27, 33, 48] , resulting in imprecision and inadequacy to synthesize findings and to make inferences at a broader level.
Familial and social factors are assumed to be of importance for childhood health and pain experience [13, 41] . In spinal pain research, a relationship has been indicated for risk factors such as parental socioeconomic status [17, 36] , biological vulnerability [10, 15] , and parental pain behavior [7, 47] ; however, the evidence of risk factors predisposing to spinal pain is conflicting mainly due to methodological limitations [9] .
Overall, findings from epidemiological studies of childhood spinal pain are ambiguous, and little is known about the etiology of spinal pain, early life predictors, and specific influence of timing and duration of spinal pain episodes [1, 9, 16, 24, 49] . Therefore, we aimed to describe the epidemiology of spinal pain in 11-14- year-olds in the Danish National Birth Cohort (DNBC) and to explore the differential nature of spinal pain. Further, we aimed to provide a population-based prevalence estimate of spinal pain in Danish children using inverse probability weighting (IPW).
Methods

Study population
For this descriptive cross-sectional study, we studied a cohort of 46,726 children born in Denmark from 1996 through 2003 participating in DNBC. DNBC is a population-based birth cohort of mothers and their children with several follow-ups going from pregnancy and through childhood and young adulthood [37] . Pregnant women (n = 100,415) were recruited during the period 1996 to 2002 by their general practitioner at their first antenatal visit around gestational weeks 6-12. Further details of DNBC are described elsewhere [37] . For this study, we used data from the 11-year follow-up (DNBC-11) for which children received an electronic questionnaire around their 11th birthday. Due to financial delay, DNBC-11 was carried out from 2010 to 2014; thus, a minority of the children was 12-14 years of age at completion. The unique individual personal identification number assigned to all persons with a permanent residence in Denmark allowed a complete linkage on individual level between DNBC data and Danish nationwide registries containing comprehensive information on individual social characteristics and furthermore linkage between children and their parents [51] . We excluded participants with no information on spinal pain variables (n = 2848), maternal education (n = 47), equivalised household income (n = 182), siblings (n = 4), and family type (n = 153) ( Fig. 1 ).
Data were stored and processed at Statistics Denmark and no personally identifiable data were accessible. Approval of the study was obtained from the Danish Data Protection Agency through the joint notification of the Faculty of Health and Medical Sciences at the University of Copenhagen and the DNBC Steering Committee.
Information on spinal pain
DNBC-11 included a sub-division of the Young Spine Questionnaire (YSQ) (nine out of 19 questions), designed as a standardized tool of measuring spinal pain in children age 9-11 [32] . YSQ includes questions on pain frequency (often/ once in a while/once or twice/never), pain intensity (1 Bno pain^to 6 Bvery much pain^) of neck, middle back, and low back pain (Fig. 2) , and a variety of daily-life consequences due to spinal pain [18, 32] .
To distinguish between trivial and non-trivial pain [1, 16], we combined pain frequency and intensity for each spinal region into no pain, moderate pain, or severe pain. The optimal cut-point for consequential spinal pain in children is presently unknown, but based on findings from a previous study of children in this age group [1], also using the YSQ, severe pain was defined as pain of four or more on the Faces Pain Scale-Revised [18] and occurring at least Bonce in a while.T his definition has been used before in analyses of the present data [28] . Exact classification of pain groups appears from Fig. 3 . Subsequently, we constructed the main outcome of interest overall spinal pain as a composite variable including the three spinal regions. If the pain reported differed between the three spinal locations, the location with the most severe pain was used ( Fig. 3 ).
Children were considered to have multiple spinal pain if they reported severe pain in two or three spinal regions, and to have one-sited pain if they reported severe pain in one spinal region. Spinal pain-related daily-life consequences were a composite measure reflecting the number of daily-life consequences based on questions related to school absenteeism, physical activity restrictions, and healthcare utilization.
A variety of additional case-definitions of spinal pain were generated and applied in sensitivity analyses.
Socio-demographic factors
A priori, we selected child's age, sex, and additional sociodemographic factors as potential risk factors for spinal pain. Biological full siblings (having biological full siblings or not) and family type (living with both parents or not) were derived upon questions from DNBC-11. Maternal age at childbirth (≤ 25, 26-30, 31-35, > 35 years) was obtained from the Danish Medical Birth Registry [5] . Information on maternal education was obtained from the Danish Population's Education Register [25] . Educational level was operationalized as the highest completed education attained the year of the child's 11th birthday and was categorized into three groups according to the International Standard Classification of Education (ISCED) 2011: low (ISCED 0-2), medium (ISCED 3-4), and high (ISCED 5-8) [22] . Equivalised disposable income at the child's 11th birthday was based on disposable household income extracted from the Income Statistics Register [3] . To enable comparison of family income across family size and composition, we divided disposable household income by an equivalence factor corresponding to the modified OECD scale. This method is available on OECD's website. Equivalised disposable income was further categorized into quartiles by year relative to all mothers giving birth in the Fig. 1 The flow chart for the selection of study participants eligible for inclusion in the study given year. All registries applied were available at Statistics Denmark.
Statistical analyses
Descriptive statistics were reported using proportions and analyzed for heterogeneity using the chi-squared test. To examine associations between socio-demographic factors and different aspects of spinal pain, we applied crude and adjusted multinomial logistic regression models to estimate and report relative risk ratio (RRR) and their corresponding 95% confidence intervals (CI) [20] (for interpretation see Supplementary File 1). In all analyses, children with no pain were considered the reference outcome. The possibility of applying ordinal logistic regression models was investigated, but the proportional odds assumptions were not fulfilled [2] .
To explore possible sex differences, we evaluated first-order interactions with child's age and additional socio-demographic factors using a likelihood ratio test. The test showed no signs of interaction with the familial and socioeconomic factors; however, a statistically significant interaction was found between child's sex and age. Hence, the regression analyses were adjusted for this interaction as well as for the main effects of the familial and socioeconomic factors. The dependency between siblings in the sample (n = 6416) was taken into account by applying a robust standard error estimator [53] .
To account for sample selection (into the cohort and attrition) [23] , we applied IPW in sub-analyses using all children born in Denmark from 1996 to 2003 as reference population (n = 505,690) [43] . The probability of participating in the study was estimated for each individual using the logistic regression model. For this purpose, we applied a given set of predictor variables for participation in DNBC-11. These factors included maternal education at childbirth, equivalised household income the year before birth, maternal parity, and urbanization, all obtained from Statistics Denmark and therefore available for participants as well as non-participants. Subsequently, the weight (i.e., the inverse of the probability of selection) was computed and included in the models. Thus, intuitively, each participant accounted for him/herself as well as for non-participants with similar characteristics [35] .
The primary analyses were performed as complete case analyses and, subsequently, we performed a sensitivity analysis in which we accounted for missingness in DNBC-11 by applying multiple imputations on missing data for the included risk factors: family type, maternal education, and equivalised household income. The results remained essentially unchanged; hence, imputation was not applied in the [38] . Finally, we conducted several additional sensitivity analyses to examine the robustness of the results.
All statistical analyses were performed using STATA V.15.
Results
Characteristics of children with spinal pain
Neck pain was the most frequent spinal region in which both girls and boys reported pain. Low back pain was the least frequent, but estimates were close to those of middle back pain (Table 1) . Table 2) of which most cases were attributed to refrainment of physical activity (Table 1) . All selected socio-demographic factors were related to spinal pain (Table 3 ). Our findings indicated moderate and severe spinal pain to be more frequent among girls and the prevalence to increase rapidly with increasing age. Additionally, children with no biological siblings or children not living with both parents more often reported moderate and severe spinal pain. Likewise, children in less-educated and lower-income families were more likely to report severe spinal pain compared with those in high-status families. Similar patterns were observed for neck, middle back, and low back pain, separately (Supplementary File 2).
Applying IPW to account for selection, we observed a negligible increase in prevalence estimates, suggesting that results from DNBC may be applicable to estimate a population-based prevalence of spinal pain among children in Denmark (Table 2 and Supplementary File 3).
The association between risk factors and spinal pain
The adjusted effect estimates of experiencing moderate or severe spinal pain confirmed the findings described above (Table 4 ). We observed, however, no clear association for maternal age at childbirth. Generally, the associations were stronger for severe pain than for moderate pain. In analyses of multiple spinal pain (i.e., pain in two or more regions) and daily-life consequences, we observed similar patterns to those of overall spinal pain ( Table 5 ). The same applied when using alternative case-definitions ( Supplementary Files 4-5) . Despite small alterations, the overall findings on risk factors were unaffected by IPW ( Supplementary Files 6-8) .
In sensitivity analyses, we examined the robustness of the associations using maternal education at childbirth and household income the year before birth instead of at the year of the child's 11th birthday, for which the same effect estimates were observed. The same applied when using parental education (i.e., the highest attained education of the parents) instead of maternal education. 
Discussion
In this descriptive paper using data from 46,726 children in DNBC, we demonstrated that a sizeable number of children aged 11 to 14 suffered from moderate or severe spinal pain. Spinal pain was more common in girls and increased with age. Further, the results displayed a clear social gradient in the experience of spinal pain. The findings were confirmed after IPW, taking selection into account. The results emphasize spinal pain to be a common problem among children; however, the exact extent of the problem depends highly on the case-definition and nature of spinal pain as well as the age of study participants. We found prevalence estimates of severe spinal pain in [11] [12] [13] [14] year-olds to be almost 10% for boys and 14% for girls with a rapid increase with increasing age. Previous studies included individuals up to age 23 [27] (i.e., allowing the prevalence to increase with age), and thereby complicating comparison of estimates. The differential nature of spinal pain implies a need for careful application of case-definitions, interpretation of results, and in the planning of preventive strategies. Studies have suggested that having pain often or once in a while can be interpreted as an indicator of recurrent pain, which may cause marked discomfort and impairment in children's everyday life and reduce their quality of life as well as causing lifelong problems with pain [42, 46] . Persistent pain has been associated with the co-occurrence of other symptoms, physically and psychological [44] , and in a Danish twin study adolescents with persistent low back pain were 3.5 times more likely to have persistent low back pain as adults [16] . Alongside, co-occurrence of other musculoskeletal symptoms is hypothesized as a risk indicator for a more persistent course (i.e., multiple spinal pain) [44] . Oppositely, having experienced a single episode of pain can either be due to a sudden trauma or injury, or the beginning of a pain trajectory with insidious pain onset [9] . The latter is especially interesting for the age group included in our study, since this age has been suggested as spinal pain onset. We grouped infrequent pain with low intensity as no pain. It is possible that these children were in the beginning of a pain trajectory, thus, may belong to the group of children that may benefit from appropriate support to prevent spinal pain later in life.
Socioeconomic status is associated with parents' ability to affect their children's health and well-being in a positive manner due to lifestyle, health behavior, and knowledge [14] . Thus, children growing up in disadvantaged families are predisposed to health adversities [8, 41] . We found children from less-educated and lower-income families to be more likely to experience spinal pain compared with children in well-off families. These findings are in accordance with two Nordic studies suggesting a similar social gradient in somatic complaints, including back pain [13, 41] , and with a recent Fig. 3 ) c Defined as follows: BNever^if no experience of any of the daily-life consequences, B1-2 times^if they responded Bonce or twice^to only one of the daily-life consequences, and the remaining were categorized as BMore than 2 times7 systematic review suggesting low socioeconomic status to be a risk factor for onset of musculoskeletal pain in studies with long-term follow-up [21] . We also found children with no biological full siblings and children in separated families to be more likely to experience spinal pain. The family situation may affect the vulnerability and well-being of the child. In line with our findings, studies have shown that children in single-parent families, in stepfamilies, or only children were more vulnerable and had worse health outcomes than children in traditional families or children with siblings, and further that health adversities hereof psychosomatic symptoms were more common among these children [41, 52] . When familial and socioeconomic variables were introduced in the models, the effect estimates were only slightly reduced and remained statistically significant, indicating that familial determinants were still affecting childhood spinal pain when adjusting for socioeconomic factors, and vice versa. Thus, it is likely that some of the underlying mechanisms may be found within the family environment of the child (i.e., affecting vulnerability and well-being of the child) such as in parental pain behavior [7, 47] , chronic pain, parental mental health and behavioral problems (i.e., depression, anxiety, and substance use) [19, 40] , or in other psychosocial and lifestyle factors [12, 26] . These conditions might impact psychological symptoms in the child such as sleep difficulties, feeling low, nervousness, general well-being, and loneliness which have previously been associated with spinal pain in children [4, 45] . 
Strengths and limitations
As one of the few, DNBC facilitates large-scale life-course studies of spinal pain etiology and prevention due to the great inclusion of validated self-reported spinal pain questions on more than 46,000 11-14-year-olds as well as rich data on exposures from conception and onwards, i.e., potential familial risk factors for spinal pain. Since DNBC is nested within the Danish population, it allows individual linkage of data on health and (parental) social issues from Danish nationwide registries, permitting analyses of, e.g., any social interactions in the disease production. For this study, linkage to Danish registries made it possible to provide a population-based estimate of spinal pain prevalence using inverse probability weights relative to all children born in Denmark from 1996 to 2003. Some limitations of the study are worth mentioning to ensure accurate interpretation of the results. Generally, the cross-sectional design impedes causal conclusions. However, sensitivity analyses on risk factors occurring before spinal pain onset as well as knowledge upon spinal pain onset to occur around age 10-12 [6, 9, 24, 31, 33] strengthen the study temporality. In DNBC-11, information on spinal pain was based on children's self-report. Children's perception of pain is subjective and self-reported data are prone to induce misclassification; however, children's self-report has previously been defined as a reliable approach to measuring pain in children [50] . It should, however, be taken into account that the child's vulnerability, health and well-being, age, sex, cognitive level, and familial background may affect their pain reports [34, 50] .
Among the children that participated in DNBC-11, 5.7% were excluded due to incomplete data on spinal pain variables. Imputation of an outcome measure is inadequate, and further, we cannot rule out that data are missing not at random; thus, the estimates may be biased [38] . Nonetheless, applying IPW is a method to reduce bias from complete case analyses [43] .
DNBC participants are a selected sample of the source population with participation strongly related to familial and socioeconomic factors [23] . When accounting for sample selection by applying IPW [35, 43] , we found the impact on the estimates to be negligible. This is in accordance with methodological findings by Jacobsen et al. and Pizzi et al. investigating the impact of selection in birth cohort studies [23, 39] . However, since IPW does not address unknown or unmeasured factors that influence selection, fully representative estimates for the Danish population cannot be concluded [35] . Despite potential selection problems, the advantages of using detailed birth cohort data should be balanced against issues of study validity, selection, and being the only possible approach to perform large-scale life-course studies on childhood spinal pain.
Conclusion
A considerable number of children suffer from spinal pain. Spinal pain is more common in girls and the prevalence increases with increasing age. In addition, children in more disadvantaged families are more likely to experience spinal pain. Awareness of the consequences of applying different case-definitions is essential in the assessment of spinal pain. Our findings provide a basis for further in-depth examination of spinal pain etiology with the aim of informing efficient and targeted prevention of spinal pain.
